PATENT SPECIFICATION 

If^ DRAWINGS ATTACHED 
CM (21) AppKcation No. 9619/68 (22) Filed 28 Feb. 1968 
(30 (31) Convention AppUcatimi No. 984213 (32) Filed 2 Mardi 1967 in 
^ (33) Canada (CA) 

Q (45) Complete Specification published 21 Oct. 1970 
^ (51) International Classification C 08 f 1/42 
H (52) Index at acceptance 

C3P 13D2A 13D2B 13D2C 13D2X 13FX 13G4B 13H2A 
13H3 13K2 13N2 13R2A 13T4 

(54) PREPARATION OF HOMOGENEOUS PARTLY 
CRYSTALLINE ETHYLENE COPOLYMERS 



w 1209 825 




(71) We, E. L Du Pont de Nbmours 
AND Company, a corporation organised and 
existing under the laws of the State of Dela- 
ware, United' States of America, of Wilming- 
5 toUi State of Delaware^ United Smtes of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
iperformedi to be particularly described in and 
by the following statement: — 

The present invention relates to the control- 
led continuous copolymerization of ethylene 
and one or more a-olelins to pardy crystalline 
homogeneous random copolymers of closely 
controlled physical properties, and to the co- 
polymers resulting therefrom. 

The copolymerization of ethylene and vari- 
ous a-oletins (e.g. butene, hexene and octene; 
using a coordination catalyst system to yield 
partly crystalline copolymers with a range of 
physiail properties is well known and is des- 
cribed in Canadian Patent 664,21.1 issued to 
Anderson and Stamatoff on 4th June, 1963. 
The partly crystalline copolymers so prepared 
have a density and a stiffness intermediate be- 
tween those of a linear polyethylene homo- 
polymer {0.96 g./cc., il4O,000 psi) and a com- 
pletely amorphous ethylene-a-olefin rubber 
(0.S5 g./cc., less than 50O0 psi). These pardy 
crystalline copolymers possess physical pro- 
perties which render them suitable for a wide 
range of practical applications such as fihn 
extrusion, blow moulding, injection moulding, 
wke coating and paper coating. The copoly- 
mer composition arid molecular weight are 
adjusted to the optimum value for tSe par- 
ticular end use desired. 

^ In the art, it is well known that within any 
given copolymer molecule, the cranonomer 
distribution may be random, regular, block or 
combinations thereof. However, the comono- 
mer disttibution between the molecules of the 
copolymer must also be considered. Upon con- 
sideration of the latter distrtbittion factor, two 
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classes of copolymers haive been noted, namely 45 
heterogeneous copolymers and homogeneous 
copolymers. 

Heterogeneous copolymers may be defined 
as tliose in which the copolymer molecules do 
not have the same ethylene/comonomer ratio. 50 
These copolymers can be differentiated into 
three basic types dependent upon tte degree 
01 heterogeneity and whether the ethylene/ 
coraonomer ratio is a function of t!he size of 
tlie molecule. A heterogeneous copolj^er (type 55 
I) might be defined as one in which the ediy- 
lene/comonomer ratio is not a function of the 
size of the copol^er molecule, i.e. the com- 
onomer content of all the molecular weight 
fractions is the same but within each such 60 
fraction, ^ere are individual molecules with a 
comonomer content above or below the aver- 
age. Heterogeneous copolymers might also be 
defined as iose in wluch t!he ethylene/como- 
nomer ratio is a function of the modecular 65 
weighty with type II copolymers being those 
in which the ratio increases with molecular 
weight and tjupe III copolymers iieing diose in 
which the ratio decreases with molecular 
weight. Combinations oif types I, ill and UI 70 
are also possible. 

'^Homogeneous cc^polymers" may be defined 
as, and the term is used herein to mean 
those polymers in which not only is the como- 
nomer randomly distributed within a given 75 
molecule but all the copoljmier molecules have 
the same ethylene/comonomer ratio. Homo- 
geneous copolymers of narrow molecular 
weight distribution exhibit a reduced haze 
level in extruded film, higher impact strength, 80 
reduced tendency towards delamination in ex- 
truded articles and ibetcer balance of physical 
properties in the machine and transverse di- 
rection of extruded fihn when compared with 
conventional heterogeneous copolymers. 85 

These subtle l>ut extremely important como- 
nomer distribution features have not been con- 
sidered in the prior art relating to pardy cry- 
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stalline ethylene-a-olefin copolymers. It is only 
with the advent of new instrumental tech- 
niques that studies of possible molecular con- 
figurations can be made. Previously, fraction- 

5 ation of a whole copolymer into 110 to 20 sharp 
molecular fractions and subsequent comonomer 
analysis of the individual fractions had been 
assumed to offer unequivocal proof of distri- 
butional homogeneity of the copolymer. How- 

10 ever, a 'heterogeneous random copoiytner (type 
I) would not show any compositional hetero- 
geneity under these conditions. Therefore, a 
constant ethylene/comonomer ratio as deter- 
mined by analysis of sharp molecular weight 

15 fractions of a copolymer is a necessary but not 
a sufficient condition for proof of copolymer 
homogeneity. An additional and more reliable 
indication of copolymer homogeneity is the 
relationship between the crystalline melting 

20 point of the whole copolynier (or sharp mole- 
cular weight fraction) and its comonomer con- 
tent. 

The ethylene-^r-olefin copolymers which are 
produced following the leadiings of the 

25 prior an have been found to be random with 
respect to the comonomer distribution within 
the copolymer molecule but heterogeneous 
widi respect to the monomer distribution be- 
tween molecules of the coipolymer. 

30 We have now found that by the use of co- 
ordination catalysts of narrowly defined com- 
position, ethylene-flf-olefin copolymers can be 
prepared under continuous process conditions 
which have a narrow molecular weight distri- 

35 bution, a random distribution of comonomer 
units along the polymer backbone and arc 
homogeneous between molecules wi± respea 
to their comonomer content. 
According to the present invention, there- 

40 fore, we provide a continuous process for the 
preparation of homogeneous random tpartly 
crystalline copolymers of narrow molecular 
wei^t distribution comprising ethylene and 
at least one other a-olefin, at least one such 

45 other a-olefin having four or more carbon 
atoms, which process comprises polymerizing 
the monomers dissolved in an inert nonpoly- 
merizable solvent therefor and for the copoly- 
mer to be prepared in an agitated reaction 2one 

50 maintained at a pressure sufficient to main- 
tain the monomers in solution and at a tem- 
perature of 40 to IilO°C. in the presence of a 
catalyst prepared by mixing (A) an organo- 
aluminum halide RoAiIXj-^, wherein R 'is an 

55 alkyl or aryl radical, n is not greater than 1.5 
or less than 1.0 and X is CI or Br and (B) a 
vanaditim con^XHmd selected from fl) 
V0(OR}r,X^ where R is an alkyl or aiyl 
radical, m is not less than 1 or more than 3, 

60 and X is CI or Br and (2) vanadiimi oxyhalides 
soluble in die reaction medium; provided that 
when the vanadium coippound is of type ([•!) 
the vanadium concentration in the reaction 
zone is not greater than 0260 millimoles/liter 

65 of solution and the All/V ratio in the reaction 



zone is not less than 5/1 when the a-olefin is a 
or C5 «-oidin, not less than 9/1 when the 
tt-olehn js a to -Cu a-oletin and not less than 
ilZ/ll when the <r-oielm is a Cjo to Qo a-olefin, 
and that when the vanadium compound is ot 70 
type (2) the vanadium concentration in the 
reactor is not greater than 0J160 millimoles/ 
liter of solution and die Al/V ratio in -die re- 
action zone is not less than 5/1 when die «- 
olerin is a C^ to Q, a-olefin. 75 

The present invention also comprises a co- 
polymer of ediylene and at least one another 
rt-olefin, at least one such other a-olerin having 
four or more carbon atoms. When made by the 
process of die invention. Preferably the co- 80 
polymer has a homogeneity index, as defined 
nereinafter, in excess of 75, and advantag- 
eously in excess of 90 (the definition of homo- 
geneity index does not, however, apply to ter- 
polyniers derived from propylene). 85 

The inert solvent used as a reaction medium 
may be an aliphatic, aromatic or cycloaliphatic 
hydrocarbon, such as heptane, toluene or cyclo- 
hexane. The solvent chosen must be a solvent 
for the monomer and for the polymer produced 90 
in Che reaction. Cydohexane is the preferred 
reaction medium. 

Suitable <i-oIefins for use dn praaicing the 
process of the present invention are a-olefins 
having* at least four carbon atoms, such as, for 95 
example, 1-butene, il-hexene, 1-octene, or 1- 
octadecene. Preferred <t-olefins are 1-butene, 
1-octene, a mixture of il-butene and il-oaene 
or a mixture of '1-oaene and propylene. A pre- 
ferred catalyst conaponent (A) for these pre- 100 
ferred ^-olefins is (ethyOi., AlO^s togedier 
widi either vo(o-n-butyl)2Q or VOCI3 as cata- 
lyst component (B). When the vanadium com- 
pound, used in preparing the catalyst, is an 
oxyhalide, the comonomer should not contain 105 
more than 9 carbon atoms. 

When praaicing the process of the present 
invention, the reaction zone sihoidd be main- 
tained substantially free of concentration grad- 
ients. This may be accomplished by the use 110 
of a well-agitated reactor operating under 
essentially turbulent mixing conditions. 

In the drawings attached hereto: 

Figure I is a graph represeming the re- 
lationship between the copolymer melting 115 
point and comonomer content; 

Figure II is a graph representmg the re- 
lationship between copolymer density and co- 
monomer content; and 

Figure III is a graph representing the re- 120 
lationship between copolymer melt index and 
density difference from melt index (1.0. 

In Figure I, lines A and B Show die relation- 
ship between the crystalline mehing point and 
comonomer content for various ethylene-^- 125 
olefin copolymers where the a-olefin is ^ C^. 
Specifically, line A is a plot of equation (il) 
below which is a computer generated equation 
based on regression analysis of the melting 
point — comonomer coment data for a series 130 
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of conmiercially available heterogeneous ethy- 
lene-butene copolymers and experimental 
heterogeneous ethylene-octene copolymers. 

Equation (11) 

5 Copolymer Melting Point °Q=i 

130 - 7.42 (CHs/lOOC + vinyl/lOOC) + 

0.4,14 <€H3/10QC :+ vinyl/10X}= 
Since heterogeneity is a relative rather than 
absolute term, it is obvious tha-t no single mek- 

10 ing point vs. comonomer content relationship 
can be defined for all heterogeneous copoly- 
mers. 

Line B of Figure I is a plot of equation (2), 
a computer generated relationship based on 
15 r^ression analysis of the melting point-como- 
nomer content data for copolymers prepared 
under the preferred a)nditions of the present 
invention (runs 11—28, Table H). 

Equation (2) 

20 Copolymer Melting Point °C= 

130 - 18.511 fCH3/lt)0C + vinyl/lOOC) + 
0.967 (CH,/100C.+ vinyl/lOQC)^ 
It is evident, from Figure I, chat copoly- 
mers which are not homogeneous m comono- 

25 mer coment show crystaSine melting points 
at a given comonomer content whicb are signi- 
ficantly higher than tlie melting points of 
homogeneous copolymers of the same como- 
nomer content. Homogeneous - random etiiy- 

30 lencna-olefin copolymers (where the <K-olefin us 
^ C4) are defined' therefore as those copoly- 
mers whose crystalline melting point is related 
to their comonomer content by equation 2. 
Copolymers with meMng pomts greater than 

35 chat predicted by equation 2 are heterogen- 
eous to the extent that tlhetir melting point ex- 
ceeds the value given of equation 2. If this 
melting pomt is elevated by comonomer hete- 
rogeneity ito the point where it exceeds ^e 

40 value predicted by equation 3 (below, the co- 
polymer is considered suflSciently heterogen- 
eous to fall outside the specific 

Equation 3 defines the melting point of 
copolymers whose homogeneity index, as de- 

45 fined hereafter, is equal to 75. 



Equation (3) 

Copolymer Melting Point °iC= 
'130 - 15.77 (CH3/ICOC -f- vmyl/llOOC + 
0.&18 (CH3/I.OOC vinyl/lOOC)^ wnbodi- 
ment of the present invention. 50 

In Figure M, line A shows the relatrionship 
between copolymer density and comonomer 
content for heterogeneous copoljoners of ethy- 
lene with la-olefins havmg at least four carbon 
atoms and line B diows this relationship for 55 
homogeneous copolymers of ethylene with la- 
olefins havmg at least four <^bon atoms. 

Figure II shows that in the case of homo- 
geneous copolymers the amounts of comono- 
mer required for a given copolymer density 60 
is consideraly less than that required tfor a 
heterogeneous copolymer of equivalent den- 
sity. This density difference is a useful index 
of copolymer homogeneity. 

The following examples will help to iUus- 65 
trate the present invention: 

Several runs were onade using a well agita- 
ted continuous reaaor system operating un- 
der essentially turbulent mixing conditions 
such that a constant environment, substantially 70 
free of concentration gradients, was anain- 
tained in the reaaor. Ethylene, the desired' la- 
olefin or or-olefins, .die catalyst components 
and hydr<^n if desked for melt index con- 
trol were dissolved in the inert solvent and fed 75 
into the reaaor, which was maintained under 
varying pressures, for viaiymg contaa times. 
The process conditions and the results of th^ 
runs were tabulated m Tables I— VIH which 

follow. g(j 

^ Polymer prqperties referred fto hereinafter 
m the Tables were deteraiuned by the follow- 
ing methods. 



Melt Index 
ASTM D-^1.238 



85 



Stress Exponent 

The stress exponent is determined by meas- 
uring tile tiiroughput in a melt indexer at two 
stresses (2160 g. and 6480 g. loading) using 
procedures similar to the ASTM melt index 90 
procedure 




Melting Point 
The differential thermal analysis determm- 
95 ation of melting point was made using a Per- 

fcin-tEIraer differential scanning calorimeter 

(DSC) calibrated for temperature with indium 

metal and flushed with dry nitrogen gas at a 

flow rate of 40 mls/mia 
100 ITie samples were in the form o(f discs 1 fA" 

in diameter, 3 to 4 mils thick and about 2 mg. 

in weigjit. Prior to the melting point deter- 
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wt. extruded wkh 6480 g. wt, 
0 — ■ 
wt. extruded with 2llj60 g. wt. 



mination, the samples were heated ito 180°C 
in the DSC apparatus, hedd there for 5 min- 
utes and then cooled at a rate of 10°C./min. 105 
to 30°C. The melting points were detenmined 
on tiie subsequent meiting profiles obtained at 
a heating rate of 20°!C./fflin. The melting 
point was taJcen as tiie peak of the h^est 
melting endotherm. Homogeneous copolymers 110 
were charaaerized! by a shaip melting endo- 
therm. Increased copolymer heterogeneity 
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leaded to broaden the melting endochenn as 
well as to raise the tempcratiire at Which the 
endotherm occuired. 
Since the melting point data on polymer 
5 systems are critically dependent on annealing 
conditions, it is essential that the samples be 
put through the same meking-cooling cycle 
prior to melting point detenmnation. 

Camammer Analysis 

10 The determination of total alkyi groups 
was made by the ASTM method "Tentative 
Mediod of Test for Alkyl Groups in Poly- 
ethylenes based on Infrared Specirophoto- 
metiy — Proposed Revision of D2238— 64T" 

1 5 using method A— II — Standard Sample Com- 
pensation Method. K',ST» ^ alkyl CTOups 
greater than Cj was taken to be 0.1:10^ K ur* 
for ethyl groiqw was taken to be 0.074 and the 
faaor fiayg* (Stained by calibration with oe- 

20 taoe, was detennined to be 141.5. The total 
number of alkyl groups was determined and 
reported in terms of total methyl groups per 
100 caibon atoms. 
The number of side chain methyl groups 

25 was obtained -by std)tracting the number of 
tenninai methyl groups from the total number 
of methyl groups. The number of terminal 
methyl groups was calculated from die follow- 
ing formula: 

30 No, of terminal methyl groups = 

V+2Vd+2T 
where V = number of vinyl groups/100 carbon 
atoms 

Vd = numbers of vinylidene groups/100 
35 carbon atoms 



T= number of trans groups/100 carbon 
atoms. 

The concentradon of vinyl, vinylidene ana 
trans unsaturation groups in the copolymers 
was detennined by infrared spectrophotometric 
absorbances at 908, 889 and 965 cm-^ using 
molar extinction coefficienis of 121.0, 103.4 
and 85.4 respectively. 

For normal alkyl groups the nun^r of side 
chain methyl groups also represents the num- 
ber of branches and is related directly to the 
comonomer content of the copolymers. 

Copolymer Density 

Copolymer density was detennined by 
ASTM Method D1505— 63T. Since copoly- 
mer density is related to both comonomer con- 
tent and copolymer molecular weight (or melt 
index), the observed density was corrected to 
melt index 1.0 using the relationship given in 
Figure in. 

Homogeneity Index 

We use this term herein to mean an empiri- 
cal value of copolymer homogeneity obtained 
from Figure I by taking the melting pomt 
difference between lines A and B, at any given 
CH3/IOOC content, as equal to 100. The 
homogeneity index of a copolymer is, there- 
fore, taken as its relative position between 
these two guide lines. 

Mathematically the homogeneity index of a 
given copolymer can be calculated from its 
melting point and comonomer content using 
equation (4) below. 

Equation (4) 
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60 



65 



HI = 100 



/130 - 7.42 (CHs) + 0.414 (CHa)^ - MPw 
\ II.O9CH3 + 0.553 (GH,y 



70 where 

HI = homogeneity index 
CH^ = total CHa/IOOC-i-vinyl/lOOC 
MPtc = melting point of copolymer 

It should be noted that only homogeneous 
75 copolymers of ethylene and a-olefins of at 



least four caibon atoms follow the melting 
point relationship of ecjuation 2 or line B of 
Figure I. The determination of homogeneity 
index is not applicable, tiierefore, to terpoly- 
mers where propylene is one of the comono- 
mers. 
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•Runs 1 and 2 in Table I illustrate ±e co- 
polymerization of ethylene with 1-butene and 
i-oaene respecuveiy using coordination cata- 
lysts and reaction conditions of die prior art 
5 ihe heterogeneous ethylene/ l-bucene copoly- 
mer or 'Kun 1 shows a relationship between 
ciystalline melting point and comonomer con- 
tent wlucn fails on line A of Figure I and be- 
tween copolymer density and comonomer con- 
10 cent whicn falls on line A of Figure II. The 
teterogeneous echyJene/l-ootene copolymer of 
Run 2 shows a similar relationship between 
crystalline meltii^g point and comonomer con- 
tent and between copolymer density and co- 
15 monomer content. 

Runs 3 to 10 of Table I iUuscrate the co- 
polymerization of ediylene with 1-butene (runs 
^> 4, 5, 6 and 9) and with 1-octene (runs 7, 
S and 10) usmg synthesis conditions and cata- 
20 lyst formulations recommended by the prior 
ait for the preparation of ediylene/propylene 
copolymers. The copolymers produced in Runs 
3 to 10 are similar to heterogeneous copoly- 
mers of Runs 1 and 2 as sliown by comparison 
25 of the crystallane melting point and/or den- 
sity of chose copolymers (as a function of dieir 
comonomer content). It is apparent diat the 
coordination catalyst systems of Runs 3 to 10 
offer httle or no improvement over die stand- 
30 ard coordmation catalysts of Runs 1 and 2. 
, Runs 11, to 28 illustrate die co(polymeriza- 
tion of ediylene widi 1-butene, 1-octene and 
l-octadecene using reacdon condiitions equiva- 
lent to diose used in Runs 3 to 10 except for 
35 the reactor temperature and die compiKidon 
and concentration of [die catalyst systems used 
ihe copolymers produced show crystalline 
melnng pomts which are shaip and weE de- 
nned. Regression analysis of tiiese data gave 
40 the relationship between melting point and 
comonomer content as shown in equation 2 
and plotted as line B in Figure L The lower 
crystalime meltrng .poin^ of diese copolwners 
m conqjanson widi the heterogeneous copoly- 
45 °iers of Ime A of Figure I indicates die cMer- 
ence m structure between ,die two types of co- 
poljmeis Furdiermore, it indicates diat die 
ower meltmg copolymers contain less of t5ie 
longer ediylene sequences (at a given comono- 
50 mer content) dian die (higher melting counter- 
parts and have a more homogeneous overall 
comonomer distributSon. 

Typical catalysts for co(pol3meri2ation of 
ediylene and .propylaie to nibber4ike copoly- 
55 mers based on alkyl aluminum halides and 
vanadium dmvatives fail to produce pardv 
crystaUme homogeneous ^olefin copolymer 
- mder solution process conditions due to a 
combinanon of process and catalyst variables 
^0 .^^^^P^»son of die results of Rims 29 and 
30 indicates diat die ease of homogeneous 
oopolymenzauon is an inverse function of the 
comonomer size. These runs illustrate die co- 
poymmzationofeitiiylenewidil-oaeneCRun 
65 29) and widi l-octadecene (km 30) imder 
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sunilar reaction conditions usii^ etiiylalumi- 
num dichloriae and vanadium oxycttioride as 
tne catalyst components, i he data of Runs 3d 
to lame ill hKlizcate a similar decrease in 
copolymer homogeneity maex wnen usmg i- 70 
outene comonomer in piace at 1-octene como- 
nomer wim the same catalyst system. In gen- 
eral, K is observed that the cataiysis which are 
suitable for die copolymerjzation of higher a- 
olehns are more nmited than chose smtaiois 75 
lor copolymeiiizatiou of die lower a-oletins. 

Runs 63 and 34 illusuate .die eft'ea of in- 
creasing die reaaor temperature in die co- 
paiymeiization of eaiylene widi 1-butene usmg 
an (ethya>iiU^-VQ(0-n-butyil>j catalyst sys- 80 
tern. At reaaor temperatures above 130°C., 
the butene copolymer crystaUine melting point 
increases at a given comonomer content indi- 
catmg an imcrease m copol}mier heterogeneity. 
Runs 37 to 39 illustrate die effea of tempera- 85 
ture on octene copolymer homogeneity using 
die catalyst system .(ediyl)a.cAlCPi^V0Q3 
and runs 35 and 36 show the same efi'ect widi 
die (ediyl)^^Aia^-VQ(0-n-decyl)2a catalyst 
system. These data sihow diat die maximum go 
reactor temperature for die syndiesis of octene 
copolymers of homogeneity index >75. is in 
die range ,110 to m^a, aMiough die tem- 
perature may be sl^dy higher for .die syn- 
thesis of butene copolymers. 95 

Runs 40 ito 411, Table V, iSustratc the low 
copoljroer homogeneity obtoiined when RaAICr 
A .^^'^^^ a%ilating agent radier dian Ri 5- 

1 aWe II). This {pronounced change in copoly- 100 
mer homogeneity between an alkyl/alumimnn 
ratio of 1.5 and an alkyl/alummum ratio of 

2 was totatiy unexpected based on die (prior 
art. 

Runs 412 to 45 Table VI illustrate die effect m 
of die ratio of die a%t aluminum hallide to 
die vanadium compound V0(0-n4butyil)3 on 
butene copolymer homogeneity (Rim 42) and 
on (wtene copolymer homogeneity tfiRuns 43 
to45).ForVCKOR),X^,4edcatWts^- iiq 
tems where n ^ il die minimum Al/V ratio 
IS dependent on -die panricular comonomer 
used. Long chain a-ofefins sudi as !l-octene, 
require a hi^er Al/V ratio to diorter chain 
^-olefins, such as i^butene. The data indicate 1 h 
that a mmmum AI/V ratio of about 5/1, for 
dutene copolymers must be onaintained in the 
reactor and that die minimum Al/V ratio for 
octraie copoljmiers is about 9/1. For onolefina 

u iJ ? of at least 12 Al 120 

should be mamtained in die reaaor. 

Wbh VOCI3 based catalyst ^sterns, on die 
odier hand, an Al/V latio of ^ 5 is suitable 
for hoxnogeneous copolymerization of eiitlher 
S'^^P^xV^ "^^^ ^^^^ VI) or octene Itam 47. 125 
Table m but 1-ootadecene cannot be homo- 
geneousty copolyme rized with tMs caialyst 

^quimolar mixture of (eAyl^AlQ an(i(ethyl> 
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system even at hi^ AI/V ratios (Run 30, 
l able my 

-Runs 48 to 54, Table VII, illustrate the 
effea of vanadium concentration in the reactor 

5 on copolymer homogeneity. The resuks indi- 
cate that tin order .to obtain iwmogCDeous 
octene copolymer, the vanadium concentration 
should not exceed about Oj16 mmole/litre for 
systems based on VOGU (Runs 511 and 52) and 

10 about 0.260 mole/litre for systems based on 
VCXOR)&Cl iCRuns 53 and 54). The catalyst 
concentration effect is less pronounced with 
shorter chain a-olefins, such as ll*^)Utene, but 
Runs 48 to 50 indicate chat with VCXHs, the 

15 highest level of hom(^eity is obtained^ 
catalyst concentrations below about 0.260 
mmole/licre. 

The effect of the chemical stnicture of the 
vanadium compound on copolymer homogen- 

20 ei'ty is intimately related to ^-olefin comono- 
mer size, vanadium concentration in the re- 
actor, reactor temperature, Al/V "tio and 
R/Al ratio in the aliyl aluminian haKde. when 
the other variables affecting comonomer distri- 

25 bution are not adjusted to optimum vaJues 
trialkyl vanadates and dialkyl chlorovanadaces 
show a reduced tendency to heterogeneous co- 
polymerization in con^parison with VOQa or 
VCL. A comparison of Runs 5il and 53, Table 

30 VII, shows that, at high vanadium concentra- 
tions using l-oaene as comonomer, di-n-butyl 
chlorovanadate (Run 53) produces a signifi- 
cantly more homogeneous copolymer than does 



VOO3 (Run 5il). Even under optimum condi- 
tions, VOCI5 ydedds a heterogeneous copolymer 35 
with l^adecene (Run 30) whole VO(0-n- 
butyl)3 yields a homogeneous i-octadeccne 
copolymer under otherwise identical conditions 
('Run 119). . ^ 

The present invention is also applicable to w 
inter-polymers of ethylene and more than one 
a-olefitt when at least one of the a-olefins 
contains four or more carbon atoms. iExamples 
ait the ethyJene-octene-butene terpolymer of 
Run 55 and the ethylene-ootene-piropylene ter- 45 
polymer of Run 56, Table VHI. These ter- 
polymers are of practdcal infterest because their 
physical properties are nearly equivalent to the 
corresponding octene copolymers and yet they 
contain considerably less of the high cost 50 
octene comonomer. The catalyst and cocata- 
lyst in Runs 55 and 56 were VO(0-n-butyl)3 
and (ethylVUCis respectively, however 
VO(0-n-butyl>tGI or VOCag and (et!hyl),.5 
AlQi 8 may be used instead. 55 

It should be noted that the limits of any 
individual process variable defindng -the area in 
which homogeneous copolymers can be pre- 
pared pertain only when the other defining 
process variables are at or near their optimum 60 
value for homogeneous copolymerization. 

The echylene/l^butene copolynier produced 
in Run 1 using a prior art cooixiinaiiion cata- 
lyst was subjected to fnacrionation and the re- 
sults tabulated in the following table. o5 
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From t!he above table, it is evidect tiut the 
copolymer is hefterogeneous in conqxwitian, 
that is, the cOTioaomer comerit is not consiaot 
over the various molecular weight fractions. 
It should also be nottied with respect to the 
comonomer distrftution of these heterogeneous 
copolymers that the molecular weight fractions 
have crystalline meltdng points failing on line 
B of Figure I. This indicates i!hait the fractions 
are sharp in molecular weight but not in co- 



monomer disttftoition and tlhe overall como- 
nomer distribution of the Whole copolymer 
must be considerably broader than ^e co- 
polymer analysis of the fractions would in- 
dicate. 15 

The ethylene/14>tftene copolymer pro- 
duced in Run 3 using a coordination catalyst 
system recommended tfor ethylene/propylene 
rubbers, was subjected to fractionation and 
the resuhs are tabulated in the following taJbk, 20 
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Tht results show -that all the molecular film fonn. T^ie propemes of ^^^^^ 

weicht fraonioiis coaitain equivalent amounts then compared with the propemes of &^ 

^on^^^ conventional etihylene/l^ene 

Ahomogeneous, random cthykne/14>utene copolymer, m «sute of the conparisons are 

copolymer prepared accoiding to die process tabulated m die f oUowmg tables, 
of the presem invention was eictruded in blown 

Table XIII 
Physical Properties of Blown Copolymer Film* 

Homogeneous-Random Heterogeneous-Random 
Butene Copolymer Butene Copolymer 



Copolymer melt index 
Copolymer stress exponent 
Copolymer density 


1 OA 

1.22 


1.62 
1.31 
0.9190 


Film properties 

Placfir mnritilus MO fo.S.i.) 

TD 

Haze 

Gloss outside 
inside 


24600 
25600 

13.9 

45 

47 


24500 
29600 

31.1 
8 

10 


Tensiles MD 
Elongation % 
Yield Str. psi. 
Ult. Br. Str. psi. 


725 
1600 
4400 


S25 
1650 
4400 


Tensiles TD 
Elongation % 
Yield Str. psi. 
Ult, Br. Str. psi. 


750 
1600 
4350 


900 
1600 
4100 


Gauge mils 


2.46 


2.45 


Impact strength 
26' Dart test gms/mil 


139 


109 



* Extruder type 2' Royle, die gap 25 mil. 
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Table XIV 
Tear Strengths of Extruded Flat Film* 



Copolymer 



Extrusion 
Draw Ratio 



Film 
Thickness 
(mils) 



Elmendorf Tear 
Strength (gms/mil) 



TD 



MD 



TD/MD 
Tear Ratio 



Homogeneous-random 


14.5 


1.17 


370 


290 


1.3 


octene copolymer: 






Mdt Index — 2.2 


18.9 


0.90 


380 


238 


1.6 


Density — 0.9195 








29.8 


0.57 


459 


202 


2.3 


Heterogeneous-random 


9.2 


1.85 


350 


197 


L8 


octene copolymer: 






Melt Index — 1.8 


13.4 


1.27 


443 


156 


2.8 


Density — 0.9185 








17.0 


1.00 


577 


124 


4.6 




28.4 


0.60 


658 


72 


9.1 



Film extruded on small Instrom (Trade Mark) mounted ram extruder. 



The copolymers of the present invention are 
of practical -kiportance ^5ecause of the eflfect 
of the homt^eneous comonomer distribution 
and narrow molecular weight distribution on 
their physical and optical properties. Fiitos 
of these copolymers show a reduced haze level, 
higher impaa strength, reduced tendenqr to- 
wards delamination, aiKi a better balance of 
physical properties in !t!he machine and trans- 
verse directions. 

WilMTWEGLMM'IS: — 

1. A continuous process for the prepana- 
tion of a homogeneous random pardy crystal- 
line copolymer (as herein defined) of nanow 
molecular wei^t distribution comprising 
ethylene and at least one other la-olefin, at 
least one such other <i-olefin having four or 
more carbon atoms, which process comprises 
polymerizing the monomers dissolved lin an 
inert nonpolymerizable solvent Aerefor and 
for the copolymer ito be prepared in an agita- 
ted reaaion zone maintained at a pressure suf- 
ficient to maintain the monomers in soMon 
and at a temperature of 40 to 1I10°C. in .the 
presence of a catalyst prepared by mixing (A) 
an organoalmninum halide RnAlX^^n wherem 
R is an alkyl or aryl radical, n is not greater 
than 1.5 or less -than 1.0 and X is CI or Br and 
(B) a vanadium compound selected from (1) 
V0(0R)mX3_jn where R is an alkyl or aryl 
radical, m is not less than 1 or more than 3, 
and X is O or Br and (2) vanadium oxyMdes 
soluble in the reaction medium; provided tbat 
when the vanadium compound is of type (11), 
the vanadium concentration in the reaction 
zone is not greater -than 0.260 miliimol«;/liter 
of solution and the M/V ratio in the reaction 



zone is not less than 5/jl when the <H>lefin is 
a Q or Q a-olefin, not less than 9/1 when the 40 
a-olefin is a to iCg a-oleEfiji and not less than 
12/1 when the a-olefin is a to Qo a-olefin 
and that wthen the vanadiumi compound is of 
type (2} the vanadium concentration in the 
reactor is not greater than Owl60 miliimoles/ 45 
Iker of solution and the Al/V ratio in the re- 
acdon zone is not less fdian 5/1 when the a- 
olefin is a Q to Cq la-olefin. 

2. A process according to claiim 1, in which 

the ^-olefin is l^butene, l-octencj a (mixture off 50 
1-butene and i^ootene, or a mixture of 
octene and propylene. 

3 . A process according to claun 2, in which 
the catalyst con^nenJt (A) is (et!hyl)ijBALiCLi.6 
and the catalj^ component (B) is V0{O-n?- 55 
butyl)2CL. 

4. A process according to daim 2, in which 
the catalyst component (A) lis (ethyl)ijeALCLi.6 
and the catalyst component (B) is VQCLg. 

5. A process for the preparation of a 60 
homogeneous random partly crystalline co- 
polymer according to claim 1 substantially as 
herein described in any of Runs Dl to 56^. 

6. A 'homogeneous random pardy crystal- 
line copolymer of ethylene and at least one 65 
other o£-otlefin, ait one such odier (o-olefin hav- 
ing four or more canbon atoms, when prepared 

by the process claimed in any of daims 1 to 5. 

7. A copolymer according to daim 6, not 
being formed from propylene, having a homo- 70 
genity index (as herein defined) in excess of 

A copolymer according to claim 7, hav- 
ing a 'homogeneity index in excess of 90. 

9. A copolymer according to any of daims 75 
6 to 8 lin the form of a film. 
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